The B-cell Epitope Interaction Database (BEID; http://datam.i2r.a-star.edu.sg/BEID) is an open-access database describing sequence-structure-function information on immunoglobulin (Ig)-antigen interactions. The current version of the database contains 164 antigens, 126 Ig and 189 Ig-antigen complexes extracted from the Protein Data Bank (PDB). Each entry is manually verified, classified, and analyzed for intermolecular interactions between antigens and the corresponding bound Ig molecules. Ig-antigen interaction information that is stored in BEID includes solvent accessibility, hydrogen bonds, nonhydrogen bonds, gap volume, gap index, interface area and contact residues. The database can be searched with a userfriendly search tool and schematic diagrams for Ig-antigen interactions are available for download in PDF format. The ultimate purpose of BEID is to enhance the understanding of the rules of engagement between antigen and the corresponding bound Ig molecules. It is also a precious data source for developing computational predictors for B-cell epitopes.
Background:
Immunoglobulins (Ig), or antibodies, are proteins generated by B-cells in response to antigenic substances. Here, we describe BEID, a manually curated database containing detailed characterization of 189 antigenantibody interaction sites. The database contains both linear and conformational epitopes available in the PDB. Each entry describes a specific antigen-antibody interaction in terms of a set of sequence and structural parameters representative of molecular recognition. BEID will provide a valuable resource for investigators working in the areas of vaccine design and allergy research. The sequence and structural parameters also serve as important data sources for the development of B-cell epitope prediction tools. 
Data clustering
Information in the database is classified into five main categories: i) antibody (name, source), ii) isotype (IgA, IgG, IgE, IgM, IgD), iii) bound ligand (protein, hapten, sugar, steroid, others), iv) computed interaction parameters (intermolecular hydrogen bonds, gap volume, gap index, interface area, contact residues), and v) links to external related databases including IMGT/3Dstructure-DB, AntiJen and Bcipep. For PDB entries containing many molecular assemblies, all antigen-antibody complexes are characterized and stored in individual entries to facilitate analysis.
Definition of molecular descriptors
Detailed description of the interaction parameters have been described elsewhere [20] . A brief outline of the descriptors follows: (1) Number of intermolecular hydrogen bonds minus the total number of hydrogen bonds between the antibody and its corresponding bound ligand; (2) Interface area is the change in solvent accessible surface area on complexation from an unbound antibody to a bound antigen-antibody complex state; (3) Gap volume is the volume enclosed by the interacting antibody and its corresponding bound ligand. Gap index (Å) is the ratio of Gap volume between Ig-antigen (Å 3 ) by Interface ASA (Å 2 ) (per complex). 
